Introduction
Coordination, defined as "the state of being harmonized in a common action or effort", is one of the cardinal features of primary health care [1] . It integrates health services over time, and across multiple physicians and diverse service sectors (Fig. 1 ). In the context of primary health care, "the essence of coordination is the availability of information about prior problems and services and the recognition of that information as it bears on needs for current care" [1] . For child health professionals, transfer of information about children's needs, their family context, and their prior experiences with and responses to health care is critical to effective coordination of services. Ideally, patient information is made available through appropriate, available medical records, written and verbal communication among clinicians, patients, families, and community resources, and clinicians' knowledge gained from past experiences with families. For coordination to occur, available information must be used to meet the health care needs of children and families in a timely manner.
In 1998, the United States Maternal and Child Health Bureau defined the term "children with special health care needs" (CSHCN) as those children "who have or are at increased risk for a chronic physical, developmental, behavioral, or emotional condition, and who also require health and related services of a type or amount beyond that required by children generally" [2] . Coordination of care for these children is becoming recognized as a large part of health care, especially as multiple types of therapies have become more widely available. Unlike "case management", promoted by health plans in the 1980s and 1990s as a way to control costs for patients with especially high health service use, care coordination involves integration of services beyond health care (such as schools), and does not have cost control as a central task.
In the United States, coordination of care has become recognized as a cornerstone of the "medical home" concept [3,4•] , the object of which is to provide all CSHCN with a single point of care (typically primary care) from which health care services can be coordinated. This can be very difficult to achieve, in large part because care coordination is not reimbursed by conventional fee-forservice payment systems. Medical care is being provided in a larger variety of settings, including schools and nonphysician provider offices, and mental and behavioral health care has become more intertwined with medical care as effective pharmacological treatments have become available for these conditions. This creates a tremendous need for coordination of activities across care settings. This process can easily become very complex, since the maximum number of lines of communication is nonlinear, as described by the equation (n 2 -n)/2, where n = the number of team members [5] . For a child who requires services from a parent, one general and one specialty physician, a special education teacher, and a therapist (5 members), this requires 10 lines of communication. Existence of a "hub" where communication can be centered reduces this number significantly.
Many have argued for the child primary care practitioner's office as the most appropriate locus for care coordination [6-8•] . Chronic conditions in children tend to be diverse in nature and change rapidly over time, resulting in a need in many cases for a more individualized approach than a disease-specific "case manager" can provide. While subspecialty physicians and their practices may be able to coordinate care for children with conditions that are severe and/or limited to a single organ system, the team to be coordinated crosses subspecialty lines in a large fraction of cases [8•] . Further, generalist physicians frequently are located closer to children and families, with a greater understanding of the community in which children live and learn [7] .
Increasing attention has been paid to coordination of care in the literature during the past two years. In the United States, policy statements supporting care coordination as part of primary care office practice have emerged, although many barriers to its implementation have been identified. The components of care coordination are beginning to be identified, and several new articles outline how to implement care coordination. Measurement of coordination of care is just emerging as a new area of study; consequently, studies on its impact are few. However, a small number of studies of the association of favorable patient outcomes with reports of wellcoordinated care have recently been published.
Policy developments
In the United States, national attention is being paid to care coordination and its implementation. In July 2002, the American Academy of Pediatrics issued a policy statement defining the "Medical Home" for CSHCN that included 10 basic tasks, including provision of care coordination services [3] . It stated that medical care services should be "delivered or directed by well-trained physicians who provide primary care" and developed in partnership with families. Activities closely related to (and arguably an integral part of) care coordination, such as collaboration with subspecialty physicians, schools, and community developmental services, were also included. This statement referenced an earlier statement that addressed the process of care coordination specifically [9] , favoring a team approach to coordination, which included family members as team leaders in concert with physician and other service providers. More recently, a policy statement on family-centered care [10] recognized the unique strengths of families in directing and coordinating their child's care and recommended that decisionmaking and care plan development be done with family input.
The importance of care coordination to researchers and policymakers was also highlighted by its inclusion as a major topic in the recent U.S. National Survey of Children with Special Health Care Needs, administered to parents of CSHCN nationwide during 2000 and 2002 [11•] . The results of this survey indicate considerable room for improvement, with only 40% of parents of children needing care coordination reporting those services to be adequate. Communication between doctors and other providers was a particular area of weakness, with only 37% reporting this as very good to excellent.
Despite the recognized importance of coordination of care, policymakers have not yet addressed the formidable barriers to its implementation. Inadequate reimbursement for the costs of care coordination is one barrier. For a medium-sized US pediatric practice, costs not reimbursed by insurance have been estimated at US $22,809 to $33,048 annually [12•]. Some progress has been made in this area by training pediatricians to bill for the procedures and services involved in care coordination [13] , and policy changes to encourage insurers to reimburse for these services could help. Other important barriers are those that discourage primary care practices' involvement in co-management of chronic conditions. These include insurance "carveouts" that give the re- sponsibility of all treatment for a group of diseases to a specific group of specialists.
Implementing care coordination in practice
Many recent articles describe the elements of care coordination and their implementation in practice. Clearly, while the generalist's office may be the most suitable "hub" for care coordination, it requires far more than what physicians alone can deliver. Physicians in the United States receive essentially no training for the tasks of care coordination, which at times includes integration of the systems of health care, education, social service, and public health [9] . Many practices involved in quality improvement projects for CSHCN [14•,15••] have elected to designate a dedicated practice-based "care coordinator" with a background in nursing, social work, or equivalent to assume the day-to-day responsibilities of coordination of care. Communication is a central feature of this role; specific tasks may include coordinating primary and specialty care; connecting families with information and referrals to educational and community resources; communicating with schools; creating and revising care plans with families and physicians; and assisting families in advocating for their child's needs.
A "team" approach to coordination of care, where members form a cohesive unit, can improve health care outcomes in adults [16•]. However, the composition of the optimal team for coordination of care has yet to be defined. A major challenge for practices is to construct a team that is useful for families, uses resources efficiently, and is not so large that its own coordination becomes a problem. Successful quality improvement projects [14•,15••] typically include a parent, a care coordinator, and a clinician as "core" members. A recent study [12•] described 5 months of care coordination activities in a single practice, and found that all office staff members participated in coordination, including physicians, nurse practitioners, nurses, medical assistants, and clerical staff. In this study, 51% of time was spent on activities that were not traditionally clinical, such as referral management and mental health issues. As there was no designated care coordinator, physicians and nurses performed 85% of care coordination activities, primarily involving telephone contact, spending more than 150 hours during this period. The authors emphasized that the actual time spent on care coordination may well have been higher than measured, and that many coordination activities could have been performed by trained nonphysician staff. These findings clearly demonstrate that care coordination for CSHCN requires transdisciplinary competencies. Another recent survey of United States pediatricians [17] explored pediatricians' reports of care coordination in their practice. Contact with schools, integration of care plans with those from other settings, and integration of input from specialty and inpatient physicians were areas where coordination was frequently missing, with lack of time and staff reported as the most important barriers. Addition of a team member with expertise in these areas would likely have helped to meet these needs. Reported barriers to communication involved inefficiencies in telephone contact, transcription delay, and failure to keep all providers informed when more than one specialist is involved. Important facilitators included letters or phone calls at or before the time of consultation, and clear and specific questions from referring generalists. A practice-based study of referrals for psychosocial problems in a sample of US pediatricians [19] reported even worse rates of communication, with primary care pediatricians reporting contact with mental health specialists in only 12% of cases. This article recommended changes in health systems to enhance both tracking of referrals and interactions between primary care and specialty physicians.
The importance of families as active participants in care coordination cannot be overemphasized. Policy statements and studies from practice support their role as leaders of the coordination team. A recent study of parent focus groups described roles in care that parents play for their children with cancer, supporting the need to empower parents as coordinators [20] . Many themes addressed coordination activities: gathering, organizing, and managing medical information; building relationships with medical staff; and determining courses of action related to medical care. Another recent study from the United Kingdom [21] describes the diversity of family members who may be involved in care in a multiethnic population, concluding that "family-centered care" focusing only on parents may result in missed opportunities to engage other important family members. Together with earlier studies describing family desires to play an important role in care coordination, these studies argue for education and support of key family members as coordinators.
The role of children and families in coordination is especially important when transition from child to adult health care takes place. Even if the adolescent's source of primary health care remains the same from adolescence into adulthood, most other sources of care and support change, requiring enhanced efforts to coordinate care. Several new articles detail how careful planning may help a smooth transition. A comprehensive review by two UK physicians [22•] outlines the tasks of transition, including provision of developmentally appropriate, uninterrupted care, support of young adult decisionmaking and self-advocacy skills, enhancement of patients' sense of control, and maximization of lifelong functioning and potential. The authors emphasize an early start to transition and flexibility of both child and adult health care services as important keys to successful transition. They also focus on promotion of patient self-advocacy, pointing out that adult health care programs typically give increasing responsibility for coordination to the patient. Education of clinicians about transition is also important, and frequently overlooked.
Several other studies examine transition to adult care for adolescents with specific diseases. One of these studies [23] emphasizes patient education for young women with Turner syndrome, and provides a useful "transition passport" that may be used as an informational tool for health care providers and patients. It also points out that while pediatric specialty centers frequently undertake coordination of care, adult endocrinologists do not usually assume this role, so the identity of the "primary coordinator" must be clarified. Another study, from Canada, details the process of transition and outcomes for a cohort of young adults with congenital heart disease [24] . It describes successful, timely transition to adult specialty care for only 47% of patients, and concludes that early planning with extensive education of the adolescent patient about his or her disease is likely to be produce effective transition. A study of patient interviews at a pediatric cystic fibrosis center [25] reported that most adolescent and young adult patients identified a pulmonologist as their "main doctor", and many did not receive needed preventive care services. While most participants did not want to transition to adult providers, they saw the need for more adult-focused services within the pediatric specialty center. They also desired improvements in coordination and communication between physician providers. The authors recommended that pulmonologists receive training in primary care, and that specialty centers assist patients in obtaining needed primary care as adults. Finally, an article written by a parent of two CSHCN and a pediatrician [26] used practical examples to emphasize that continually planning for the future during all stages of care and facilitating connections between families of children with similar conditions can make coordinating the transition process easier and more natural.
Measurement
Several well-validated patient-level measures of coordination of care have emerged in recent years. Some of these measures are being used at the national level in the United States to gain a broad perspective of parental views about the adequacy of care coordination for CSHCN, while others measure activities related to care coordination on a much more detailed level. The newer measures have generally shifted from measuring health plan performance toward measuring details of quality at the provider-patient level, which is particularly useful as this is where most coordination of care occurs. These measures are essential tools to bolster the case for devoting increased resources to care coordination activities, as few data exist to demonstrate the objective "value" of coordination.
An excellent overview of measures of children's health care quality in general was recently published [27•]. It included several publicly available measures that can evaluate care coordination for children in a broad population. These measures are short, which improves their usability as part of larger surveys and/or for larger populations but also reduces detail necessary for use in individual practices. One of the newer measures, used in the U.S. National Survey of Children with Special Health Care Needs in 2002, was described by van Dyck et al. [28] . This national survey is the first to examine access to and quality of medical care for CSHCN as a defined population. One section covered parent perceptions of coordination of care, with about 8 questions examining coordination. Its results are described in the following section. A similar questionnaire is the CSHCN Supplement of the CAHPS (Consumer Assessment of Health Plans) survey (available at: http://www.ahrq. gov/chtoolbx/cahpsqu.htm) containing six questions specific to care coordination with several others related to it. It is scheduled for expansion and refinement during 2005. A third instrument that appears to be promising, but perhaps not ready for general use, is the much more detailed Client Perceptions of Coordination instrument developed in Australia [29] . Developed primarily for adults, its level of detail enables evaluation of care processes as detailed as communication among multiple providers and unnecessary repetition of tests. The authors acknowledged changes that are needed before full implementation is possible.
There exist several measures that have been used primarily at the individual practice level for quality improvement purposes. While time-consuming, they have the advantage of being more detailed, so more useful in evaluating the component tasks of care coordination. The Medical Home Index [30•] enables practices to measure their ability to coordinate care for CSHCN by describing six categories of practice activities on an 8-point scale. Higher scores indicate more capability in a given area, such as written care plan monitoring by an office-based care coordinator. Practices that are highly motivated to improve their system of care for CSHCN are now frequently using this tool to measure improvement. Another new instrument is unique in that it measures the daily interactions of practice staff with patients to characterize care coordination in very fine detail [12•] . It describes quantitatively the activities of coordination in the primary care practice environment, the patients, family members, and staff involved, the time spent, and the outcome of each activity.
Impact
Few articles have been published that directly describe the impact of care coordination interventions for CSHCN, reflecting the newness of most measures of coordination and the relatively new focus on coordination as a major part of health care for this population. Part of the problem with demonstrating the relation of care coordination to outcomes is that the essence of care coordination is to integrate care for multiple conditions, a process somewhat removed from the disease processes, such as diabetes or ADHD, about which outcomes are measured. Despite this problem, the value of care coordination is beginning to be described.
One study [31•] , using data from the 1994 to 1995 National Health Interview Survey Disability Supplement, examined the relation between care coordination and mental health services use. It found that among children with poor psychosocial adjustment (who, presumably, would benefit from mental health services), those whose care was coordinated by a health care professional or by a combination of a health care professional and a family member were more likely to receive mental health services, with the highest use occurring among children receiving coordination from both a family member and a health professional. Children whose care was coordinated by a family member alone were no more likely to receive services than those whose care was not coordinated by anyone. The study also found socioeconomic and racial disparities in care coordination, with a lack of care coordination more common among those reporting Black or Hispanic race, poverty, and low parental educational level.
Another study, the first of its kind to study coordination of care for CSHCN in a "medical home" model, examined the impact of an intervention to coordinate care for 150 children with highly complex special health care needs in a network of six pediatric primary care practices closely linked to an academic medical center [15••] . The core of the multicomponent intervention was a pediatric nurse practitioner at each practice who worked closely with families and health providers to provide care coordination for CSHCN receiving primary care in the practices. For a modest (about US $400/child/y) investment of resources, parents reported improvements in access to a large number of needed services, such as prescriptions, primary care and specialty referrals, and letters of medical necessity for equipment or services. They also reported improvements in communication with doctors and practice staff understanding their child's condition. Most notably, parents in the intervention also reported significant reductions in hospitalizations related to the child's illness and parental days lost from work. While the study used a before-after design and lacked a comparison group, it is noteworthy in that it was the first to rigorously evaluate family-reported outcomes directly related to coordination of care for a heterogeneous group of CSHCN.
An additional study worthy of note is one that examined the relation between continuity of primary care, defined as receipt of most primary care from the same physician, and coordinated care [32] , adapting a measure of coordination of care used in adults [33] to children. It found strong relationships between greater continuity of care and each of five measures of coordinated care as reported by parents. The coordinated care measures interpreted "coordinated care" fairly narrowly in that they all concerned provider characteristics, such as providers knowing about care the child receives or communicating with other providers. While it is possible that the relation between continuity of care and coordination may have been weaker if a broader measure of coordination had been used, this study nevertheless suggests that continuity is an important feature of well-coordinated care.
Conclusion
Coordination of care, while difficult, is nonetheless a critical function of pediatric primary care. Because of its complexity, it may best be delivered by child health providers' practices using a team approach, with a nonphysician provider taking responsibility for many tasks of coordination. While health policymakers are beginning to recognize the importance of care coordination, neither practice structure nor reimbursement methods are conducive to its wider implementation in the practice setting. Data about the impact of care coordination are few, although methods to measure it are emerging. More studies documenting the benefits of care coordination are needed to enable policy changes that will allow primary care practices to implement care coordination for children with special health care needs.
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